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By F. M. LEA, 
OF THE BUILDING RESEARCH STATION 


Tue following paper is reprinted by permission from the Journal of the Society of 
Chemical Industry, January, 1940. 

Previous investigators have observed that the strength developed by high- 
alumina cement is considerably reduced by curing at temperatures above normal. 
It has been suggested that this reduction in strength is to be attributed to internal 
stresses, to an oxidation of ferrous iron compounds in the cement, or to some 
change in the hydrated calcium aluminates present. The purely physical hypo- 
thesis of internal stresses caused by temperature gradients within the concrete 
or mortar admits no complete disproof, but, under similar conditions, no corre- 
sponding effects are observed with Portland or other cements. The suggestion 
that the lowering in strength is associated with oxidation of ferrous iron com- 
pounds in the high-alumina cement arose from the characteristic chocolate-brown 
colour to be observed on breaking concrete specimens cured at high temperature. 
No evidence in favour of this hypothesis has been advanced, and although the 
ferrous iron content in high-alumina cement may vary from almost zero to some 
10 per cent., the behaviour at high temperatures was found by Davey! to remain 
in general the same. Rengade? has concluded that the change in colour from 
black to chocolate-brown is merely incidental and that it may be observed at 
normal temperatures in any porous high-alumina cement concrete. The theory 
that the reduction in strength is to be attributed to some change in the hydration 
products of the calcium aluminates seemed to afford the most probable explana- 
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tion and has been suggested by other authors.* In order to test the inversion 
hypothesis an examination has been made of the effect of temperature «n the 
strength and hydration of calcium monoaluminate, which is usually the pre- 
dominant aluminate compound in high-alumina cement, and on the hy«ration 
of high-alumina cement. The hydration has been studied by density dete: mina- 
tions, microscopic examination, and temperature-dehydration curves. 


Experimental. 

The CaO,Al,0, was prepared by burning an intimate mixture of c Icium 
carbonate and alumina in the required proportions at 1,500 deg. C. The pioduct 
was optically homogeneous, density 2-952, and had a CaO: Al,O; mo'ccular 
ratio of 0-992 : 1, the only impurity being 0-9 per cent. of SiO,. For use as a: vment 
it was ground in a small steel ball mill. Some contamination with metaliic iron 
occurred during grinding, and also slight hydration. The iron was subsequently 
removed as far as possible with a magnet, and the product obtained had a total 
iron content, present as metal and oxides, of 0-62 per cent. Fe and a loss on ignition 
of 1-57 per cent. The density of the ball-milled product was 2°891, being lower 
than that of the pure compound owing to the slight hydration. 

For the dehydration and density determinations on neat CaO,Al,03, the 
material was gauged with 60 per cent. of water and made into I-in. cubes, which 
were stored respectively at o—5 deg., 18 deg., or 45 deg. for one day in moist 
air (go per cent. R.H.) and then in water at the same temperature. The cubes 
were subsequently crushed and dried over calcium chloride (commercial product 
of approximate composition CaCl,,2-7H,O) im vacuo. For strength and dehydration 
tests on mortars, a I : 2 weight mix of calcium monoaluminate and 72—100 B.S. 
mesh quartz sand gauged with 20 per cent. of water was used. The test speci- 
mens were }-in. cubes made by finger-pressing the plastic mix into moulds ; 
after making, the cubes were covered with brass plates and stored one day in 
moist air (go per cent. R.H.) in moulds, and then removed from the moulds 
and stored thereafter in water. Two storage temperatures (18 deg. and 45 deg.) 
were used and six cubes tested for each age and temperature of storage. For 
testing, a specially constructed small ball seating to the upper plate of the testing 
machine was used, particular care being taken to secure accurate centering. After 
crushing, the cubes were ground and dried over calcium chloride, 7m vacuo as 
before, to provide material for dehydration tests. 

The tests with high-alumina cement were limited to dehydration and density 
determinations on the neat material, as the effect of temperature on strength 
was well established. The cement used had the percentage composition CaO 
36°7, Al,O, 40-1, Fe,O, 11-4, FeO 4-69, TiOg, 1-47, SiO, 5:79. The neat cement 
was gauged with 50 per cent. of water, stored for one day in moist air at 1‘ deg., 
reground and regauged with 50 per cent. of water, and stored for 2 days in moist 
air at 18 deg. to give material ‘‘ twice hydrated.’’ Material “‘ four times hydrated” 
was prepared by repeating the regrinding and regauging twice more. After 


3 Ilchenko and Lafuma, Chim. et Ind., 1937, 88, 438. Séailles, 14th Congr. de Chim. Ind., 
Vol. II, Paris, 1934. 
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TaBLe I 
Strengt': of 1 : 2 calcium monoaluminate : 72—100 B.S. mesh sand mortar cubes (w/c* = 0-60) 
Compressive strength, lb. per sq. in. 
Age at test 


Stored in water Stored in water 
at 18 deg. at 45 deg. 





1 day 8,715 6,425 
7 days 10,140 3,415 
28 days 10,770 2,450 





* Ratio water : cement (CaO, Al,O,;). 


TABLE II 
Loss on heating and density of hydrated CaO, Al,O, 








°% of total 
°% water lost at* water content 
Curing lost at Density 





275 1200 : 275 
deg. deg. eg. deg. 





7 days : 30°3 35°2 86-1 
28 days . 30-9 36-1 : 85:6 
I day 24° 26:8 313 . 85:6 
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* Calculated on anhydrous CaO,Al,Ox. 
t+ Derived from data on CaO,Al,O; hydrated at o—5 deg. 
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hydrating in this manner a portion of the materials was ground and driod over 
calcium chloride in vacuo ; a second portion was subjected to saturated =:cam at 
100 deg. for 15 hours to convert the hydration products into the hig! er-tem- 
perature forms and then dried over calcium chloride 7m vacuo. 

The dehydration determinations were carried out in the furnace pr: viously 
described, separate samples of the materials, after drying over calcium c‘iloride, 
being heated for one hour at 225 deg. or 275 deg. and the loss in weight det: mined, 
The total water content was determined by ignition at 1,200 deg. and a co-rection 
applied for the carbon dioxide content, which was determined separatel\ 


Results. 

CALCIUM MONOALUMINATE MoRTARS.—The compressive strength cata on 
the calcium monoaluminate mortar cubes are shown in Table I. At iS deg. 
high strengths were obtained with no subsequent retrogression, but at 45 deg. 
the strength at 1 day was lower than at 18 deg. and fell progressively at 3 and 7 
days. This behaviour is similar to that found by Davey (loc. cit.) with high- 
alumina cement. 

The results of the water-loss determinations at 225 deg, 275 deg., and 1,200 
deg. on the materials obtained from the compressive strength tests, after grinding 
and drying im vacuo over calcium chloride, are given in Table II. The losses are 
calculated as percentages of the weight of anhydrous CaO,Al,0O3. The 1,200 
deg. loss is corrected for the carbon dioxide content of the samples, which 
varied from 0-3 to 0-9 per cent. 

NEAT CALCIUM MONOALUMINATE.—The results of the water-loss determina- 
tions and densities of set calcium monoaluminate are shown in Table II. After 
grinding the specimens cured at 18 deg. and 45 deg., a portion of the powder was 
wetted and heated in saturated steam at 100 deg. for 15 hours to ascertain if 
further changes were produced. As before, the loss values and densitics were 
determined after drying 7m vacuo over calcium chloride, the former being calcu- 
lated as percentages of the weight of anhydrous materials. The 1,200 deg. loss 
is corrected for the carbon dioxide content, which varied from 0-g to 1-5 per cent. 
in the samples. 

Discussion. 

The strength data given in Table I indicate conclusively that the strength of 
calcium monoaluminate, free from iron compounds, falls at higher curing tem- 
peratures, and the fall in strength under similar conditions of high-alumina cement 
can therefore be ascribed to the same cause. 

The hydration of CaO,Al,O, or high-alumina cement in excess of water leads 
to the formation of 2CaO,Al,0,,8H,O and gelatinous alumina. The hydrated 
dicalcium aluminate which is formed as pseudo-hexagonal plate and needle 
crystals is metastable and tends in contact with water to invert to the cubic 
compound 3CaO,Al,0;,6H,O with liberation of hydrated alumina. Th: meta- 
stability is such, however, that at ordinary temperatures the hydrated divalcium 
aluminate may remain stable indefinitely, but at higher temperatures (e.g. 40 deg. 


4 F. M. Lea and F. E. Jones, J.S.C.I., 1935, 54, 63 T. 
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to 50 deg.) inversion to the cubic compound may be observed under the micro- 
scope within a few days or weeks. When the hydration is carried out with a 
very limited quantity of water, as in actual use, Assarsson® has found that at 
5 deg. che first product of the hydration is a hydrated monocalcium aluminate 
gel (CaO,Al,03,10H,O), but that at 20 deg. formation of 2CaO,Al,0,,8H,O and 
Al(OH}, (gibbsite) also occurs. The monoaluminate gel is unstable and on 
ageing splits off hydrated alumina, becoming transformed into the di- or tri- 
calciu:: aluminate compound, the former appearing at 20 deg. and the latter at 
higher temperatures. Although.gibbsite is the only form of aluminium hydroxide 
the pi: duction of which has been established with certainty, Assarsson® has 
obtained evidence that a hydrate with a rather higher water content, up to 
Al,O..;H,O, may be formed initially, and is later transformed, more rapidly 
at higer temperatures, into gibbsite. 

In order to analyse the data on the loss of water on heating and density, it 
is nec: ssary to have comparable data on the pure hydrated compounds involved. 
The 1: levant data,* determined under the same furnace conditions, for the com- 
pounds 2CaO,Al,03,8H,0 and 3CaO,Al,0;,6H,O are shown in Table II. It 
will be noted that there is a marked difference in the relative proportions of the 
total water content lost at 225 deg. and over the range 225 deg. to 275 deg. with 
these two compounds, and this was the reason for the selection of these particular 
heating temperatures. The pure gel compound CaO,Al,0,,10H,O has not 
been prepared, but the calcium monoaluminate cured at o deg. to 5 deg. was 
found microscopically to consist of unhydrated CaO, Al,O, and a formless material 
of refractive index 1-48 to I-49 compared with Assarsson’s value of 1-48. No 
other product of hydration could be detected. A rough check on the theoretical 
water content of the hydrate can be obtained from the density of the partly 
hydrated material and the refractive index of the hydrate. From the Gladstone 
and Dale formula it can be calculated that for a hydrate of composition CaO, 
Al,O,,10H,O with refractive index 1-48 the density is of the order of 1-70. Assum- 
ing the hydrate contains 10 molecules of water, it may be calculated from the 
water content that after 28 days at o deg. to 5 deg. 31-7 per cent. of the original 
CaO,Al,0,; was hydrated. The density of this partly hydrated product was 
2'152, and from this and the degree of hydration a density of 1-72 for the hydrate 
can be derived. The agreement between the density values derived in these two 
ways affords a rough confirmation of the water content ascribed to this compound 
by Assarsson. 

The nature of the hydrates and dehydration curves of hydrated alumina has 
been investigated by numerous authors and various hydrates found according 
to the conditions of precipitation and age of the product. Weiser and Milligan? 
classify these as hydrous y-Al,O3,H,O (unstable), «-Al,03,3H,O (bayerite, un- 
stable), and y-Al,03,3H,O (gibbsite, stable). On heating y-Al,03,3H,O there is 








* Data by F. E. Jones. 

* Proc. Symposium on Chemistry of Cements, Stockholm, 1938, p. 441 (Ingeniorsvetenskaps- 
akademien, Stockholm), and numerous earlier papers. 

° Z. anorg Chem., 1935, 222, 321. 

* J. Physical Chem., 1934, 88, 1175; Trans. Faraday Soc., 1936, 22, 362. 
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a rapid fall in water content at about 200 deg., but variations in this temp ‘rature 
up to about 225 deg., or even above, are reported. «-Al,03,3H,O loses ti» bulk 
of its water content at lower temperatures than the y-Al,03,3H,O. In order to 
determine the water-loss curve under the furnace conditions used in the present 
work, alumina gels were prepared by precipitation of aluminium sulphate so/utions 
with aqueous ammonia under various conditions. The water content: after 
drying im vacuo over calcium chloride, water content-temperature relations, and 
density data found are shown in Table III. The marked variations in the «mount 


TABLE III 
Alumina gel. Loss of water on heating 





Preparation Mols. water retained 
Composition of after heating at: 
gel sapling th eae asa 


Temp. Ageing 225 deg. 275 deg. 


18 deg. 7 days water 18 | Al,O,,3-26H,O 2-08 0:64 
deg. 
As (1) but further aged for | Al,O,,2-67H,O 0:74 
15 hours in water at 100 
deg. 
45 deg. 7 days water 45 | Al,O;,3-00H,O 
deg. 
As (2) but further aged for | Al,O;,2-63H,O 
15 hours in water at 100 
deg. 








of water lost at 225 deg. with the different gels render it impossible to make more 
than qualitative use of the water-loss data on the hydrated calcium monoaluminate. 
As Assarsson’s alumina gel of composition Al,O3;,4H,O may be formed initially, 
the uncertainty as to the water content and dehydration curves of the hydrated 
alumina is still further increased. An attempt was made to separate in a pure 
form some of the hydrated alumina from the mix resulting from the hydration 
of the CaO,Al,0, at 18 deg. and 45 deg. by dissolving the hydrated aluminates 
in dilute acetic and hydrochloric acids with the object of determining the dehydra- 
tion curves of the hydrated alumina. The separation obtained was not, however, 
sufficiently good. Although it was intended to pursue this method further, 
it has now been necessary to put the work aside. 

The hydration of CaO,Al,0, at 18 deg. was not complete even at 28 days, 
and considerable amounts of the unhydrated compound remained. In analysing 
the loss data the proportion of the total water content lost will therefore be con. 
sidered. In the case of material hydrated at 45 deg. where hydration was prac- 
tically complete, the actual water-loss values can be used. 

The following series of transformations needs to be considered : 

CaO,Al,0,>Ca0,Al,03,10H,O vs ei a ‘ (I) 
—2Ca0,Al,0,;,8H,O + Al,0;,3H,O0 es te 
—3Ca0,Al,0;,6H,O + 2(Al,03,3H,O) .. io 1} 

Microscopic examination of materials hydrated at 45 deg. for 7 or 28 days 
showed that little unhydrated CaO,Al,0, remained and that the products con- 
sisted almost entirely of isotropic granular material of refractive index «bove 
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1:57 corresponding with 3CaO,Al,0;,6H,O or hydrated alumina. In material 
hydrated only for 1 day at 45 deg. unhydrated CaO,Al1,0; still remained and needle 
crystals of 2CaO,Al,0,8H,O could be detected. For equation (III) the total 
water content calculated for complete hydration varies from 42-8 per cent. to 
45°60 per cent. of the anhydrous solids for assumed alumina water contents from 
2:63 to 3°00 mols. The maximum values found on materials cured for 7 days 
or lo:ger at 45 deg., or subjected also to curing at 100 deg., vary from 46 per 
cent. to 48 per cent. The water content (by weight of anhydrous solids) lost at 
225 «eg. calculated for equation (II) is about 32 per cent. to 35 per cent. and for 
equa‘ .on (III) 8 per cent. to 13 per cent., depending on the value assumed for the 
aluniina. The values found for material hydrated for 1 day at 45 deg. of 18-6 
and 14-8 point to a mixture of the reaction products of equations (II) and (III) 
at th:s age, in agreement with microscopic observations, and the lower values at 
the | onger ages to almost complete conversion into the products of equation (III). 
An «xamination of the losses over the temperature range 225 deg. to 275 deg. 
points to a similar conclusion. Additional confirmation is to be obtained from 
the density data. The calculated density of the products completely hydrated 
according to (III) is 2-44 (taking Al,O3,3H,O as 2-35), which is in close agreement 
with the values found. The calculated density of the completely hydrated mix 
(II) is 2-06. It may therefore be concluded that within 7 days at 45 deg. the 
reaction has proceeded to completion according to equation (III), and, from the 
gencral parallelism between the fall in strength at this temperature and the trans- 
formation of the reaction products of (II) into (III), that the two processes are 


associated. 


The data (Table II) are inadequate to provide decisive evidence as to the rela- 
tive extent to which the alternative reaction products (I) and (II) are present 
at 18 deg. In this case, where hydration was incomplete, the total water contents 
are of little value and consideration is limited to the proportion of the total water 
content lost at 225 deg. or between 225 deg. and 275 deg. _It is, however, these 
values which are most uncertain in the case of alumina gel. The calculated 
percentage of the total water content lost at 225 deg. for the products (II) varies 
from 54 per cent. to 59 per cent. if the extreme values to be found for alumina 
in Table III are taken, but if a still more hydrous form of alumina may be present, 
as suggested by Assarsson, the calculated value would be still further increased. 
For (I) (CaO,Al,0,,10H,O) the data obtained at o deg. to 5 deg. give a value of 
about 82 per cent. The values found at 18 deg., ranging from 73 per cent. to 
8o per cent., suggest that the transformation of reaction products (I) into (II) 
has at most been only partial up to 28 days and that a considerable proportion 
of CaO,Al,03,10H,O must persist. An examination of the data on the per- 
centage of the total water content lost between 225 deg. and 275 deg. points 
to a similar conclusion. This 275 deg. to 225 deg. loss value, calculated for 
products (II), varies from about 19 per cent. to 26 per cent. for the extreme 
alumina loss values and that found for (I) is 4 per cent. to 5 percent. The values 
found at 18 deg. range from 5 per cent. to 12 per cent. Microscopic observation 
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on the very fine grained products obtained with the limited amounts of water 
used afford no decisive check, but evidence of the presence of all the reaction 
products (I) and (II) was found. 


High-Alumina Cement. 


The dehydration and density data obtained on set high-alumina c. 
cured under various conditions are shown in Table IV. While the effect 
treatment at roo deg. on the dehydration and density values is in g 


TABLE IV 


Loss on heating and density of hydrated high-alumina cement. 


| 

Percentage of 
Percentage* water lost at total water 
Treatment content lost at 


| Twice hydrated 18 deg. 

| Twice hydrated 18 deg., 
then 15 hours at 100 
deg. 

| Four times hydrated 18 

| deg. | 

| Four times hydrated 18 
deg., then 15 hours at 
100 deg. 











Density of unhydrated cement 3-27. 
* Calculated on anhydrous cement. 


simila1 to that found with CaO,Al,O3, the quantitative treatment of the results 
is still more difficult than with CaO,Al,0, owing to the presence of iron com- 
pounds. Microscopic examination of the unhydrated cement showed that the 
predominant constituent was CaO,Al,O, and that it was similar in type to the 
“oxidised cement No. 3’ described by Sundius®, the iron oxides being present 
both as a dark glass and as an anisotropic ferric iron compound. While Sundius 
has found that the iron containing glass does not hydrate, the crystalline ferric 
iron compounds hydrate more readily. The low total water content, and the low 
percentage of the total water content lost at 225 deg., in the material treated at 
100 deg. indicate substantially complete conversion of the alumina into 3(a0, 
Al,03,6H,O and hydrated alumina. Thus for complete hydration of the cement 
to these two compounds together with a hydrated calcium silicate gel, of which 
the composition may from the results of Bessey® be taken as about CaO,si0,, 
2:5H,O, the calculated total water content is about 36 per cent. (III). Sunilar 
calculations assuming formation of 2CaO,Al,03,8H,0 in place of 3CaO,Al,03,6H,0 
give a value of about 50 per cent. (II), whilst for formation of CaO,Al,03,10H ,O 
and 2CaO,Al,0;,8H,0 in amounts indicated from the analysis of the cetent 
the value is about 70 per cent. (I). These values would all be increased somewhat 


8 Proc. Symposium on Chemistry of Cements, Stockholm, 1938, p. 395. 
* Jbid., p. 196. 
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if allowance were made for the ferric iron compounds. The cement twice hydrated 
at 1% deg. (1a) contained appreciable unhydrated residues, whilst even in that 
hydrated four times (2a) at the same temperature some gehlenite could still be 
detected. The water contents in samples (1b) and (25) correspond with about 
60 pr cent. to 70 per cent. and 85 per cent. to 95 per cent. hydration respectively, 
asstining a theoretical value of 36 per cent. to 40 per cent. for water content 
(II1; In sample (1a) assuming this degree of hydration, both the total water 
content and the fall of 20-9 per cent. in water content on boiling indicate that 
Cal}, \l,03,10H,O must be present to a considerable extent, whilst in (2a) con- 
version into 2CaO,Al,0;,883H,0 must have proceeded further. Although no 
quaititative conclusions can be drawn, the results are adequate to support these 
quaiitative conclusions, which are further strengthened by the very marked rise 
in ionsity accompanying the treatment at 100 deg. 
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Reinforced Portland Cement Concrete in 
Cold Weather. 


By RUSSELL V. ALLIN, M.Inst.C.E., and H. H. TURNER, A.M.I.Chem./.. 


Most of the information available on the effect of frost on fresh concrete is inteiided 
for application in more severe climates than that of the United Kingdom. Some 
important facts have been established by research, viz., 

(1) Concrete attacked by frost before it has set will eventually harden but 
loses up to about 50 per cent. of its strength and modulus of elasticity, depeising 
on the degree to which it has been frozen and the water-cement ratio employed. 
The portions affected also have a greatly increased porosity. 
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FIG.I. 4 :2:1 mix. 0-60water-cement ratio. 


(2) The richness of the mix does not substantially affect the resistance of 
fresh concrete to freezing. 

(3) The temperature of the concrete when placed and matured has a xreat 
effect on its early strength (Fig. 1). 

(4) The rate of rise of the temperature of hydration is greatest between six 
and twelve hours after mixing and is accelerated by preheating the concrete. 
This has an important influence on its resistance to freezing. 

(5) High-alumina cement concrete is more resistant to frost than Por: land 
cement concrete owing to its more rapid generation of heat during setting. 

(6) Heating the mixing water as a precautionary measure against frost has 
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no .leleterious effect on the strength of concrete up to a temperature of about 
200 deg. F. 

(7) Alternate freezing and thawing of concrete when immature may cause 
sev.re damage. 

%) Wind has a great influence in freezing concrete. 

.9) The protective effect of timber shuttering is equivalent to that of a laver 
of <oncrete of about five times its thickness. 

‘10) Owing to the large amount of heat generated while it is setting, mass 
corcrete does not give rise to important difficulties. 

section 4 of the Code of Practice, which deals with work in cold weather, 
mates, inter alia, the following recommendations: ‘‘ When depositing concrete 
at near freezing temperatures, precautions shall be taken, to the satisfaction of 
the responsible supervisor, to ensure that the concrete shall have a temperature 
of et least 40 deg. F. and that the temperature of the concrete shall be maintained 
above 32 deg. F. until it has thoroughly hardened. When necessary concrete 
materials shall be heated before mixing. Dependence shall not be placed on salt 
or other chemicals for the prevention of freezing.”’ 

ihe primary objects of the writers’ experiments were to derive some approxi- 
mate working rules for pre-heating, applicable to this climate, by which to ensure 
carrving out these requirements, and to confirm previous findings with regard 
to the extent of the damage caused by freezing. 


Experiments. 

Two types of experiment were carried out. Type (A) cubes were wholly or 
partially frozen and subsequently crushed after various periods of maturing. 
Type (B) cubes were made at various temperatures by preheating the water only 
and subsequently exposed to conditions simulating those likely to occur when 
concreting in frosty weather. The crushing strength of these cubes was then 
ascertained at various ages. Cast steel moulds were used in preference to timber 
as, on account of their higher conductivity, the concrete was exposed to conditions 
which were considered more applicable to those in which most slabs are concreted. 
Slabs, it should be noted, are usually the members most vulnerable to attack, as 
they are not protected by shuttering. In addition, some field tests were made 
upon concrete placed in cold weather followed by frost at night. 


Results of Experiments. 


With type (A) cubes the crushing tests fully confirmed the fact that concrete 
frozen before setting will harden to a large extent if undisturbed, but does incur 
permanent loss of strength. This loss may reach 50 per cent., depending on the 
degree to which it has been frozen and to a lesser extent on its water-cement ratio. 
In addition to this loss an increased porosity is noticeable. With type (B) cubes 
the graphs shown in Figs. 2, 3, and 4 are typical of a number of experiments 
made and illustrate the effect of the heat generated by setting in preventing frost 
attack. Figs. 2 and 3 are instances where the temperatures of the preheated 
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water were adequate and prevented the concrete from freezing. In Fig. 2 the 
initial temperature of the concrete cube was 65 deg. F. and that of the air wien 
moulded 28 deg. F. In Fig. 3 the corresponding temperatures were 52 deg. and 
35 deg. 


Fig. 4 represents a case where the preheating temperature was too low to 


:lz:1 mix. 065water-cement ratio. 
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protect the cube from frost and the concrete was therefore partly frozen. [hie 
initial temperature of the cube was 45 deg. and that of the air 26 deg. Lite 
ultimate strength in this case was about 70 per cent. of its normal strengh. 
In other experiments, in which cubes were completely frozen, as much as 50 pcr 
cent. of the strength was lost. In all cases the top surfaces of the cubes wi re 
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covered throughout the experiment, and the air temperature was brought 
wn to about 10 deg. below freezing point within 18 hours after placing in the 
nilds. 


Tests on Works. 


some idea of the effect of timber shuttering and protection of the fresh concrete 
uch a manner as to conserve its setting heat can be gained from the results 
lie following site observations which are typical of a number taken. 
1) Concrete at 44 deg. F. was placed in a reinforced slab 16 in. thick at an 
temperature of 34 deg. and immediately covered with coconut matting, 
aving a space of about 4 in. between it and the top of the slab. The average air 
iperature for the following 24 hours was about freezing point, but the surface 
‘lie slab did not fall below 38 deg., or 6 deg. above the air outside the protective 
ring. 

(2) Beams were poured with concrete at 47 deg. in an air temperature of 

q deg. between shutters and covered at the top with cement bags. The mean 

‘temperature for the next 24 hours was 36 deg., but the concrete showed an 

internal temperature at the end of that time of 61 deg. and a surface temperature 
' 40 deg., or 4 deg. above that of the air outside the cement bags. 

‘rom the foregoing it is clear that the two points of primary importance in 
the prevention of attack by frost are: (1) Provision of heat in the concrete in the 
early stages of the work before it commences to set and generate its own heat, 
and (2) Its subsequent conservation by protection. It is essential therefore that 
it should be preheated at the mixer and protected as soon as possible after it has 
been placed. 

The life of reinforced concrete depends chiefly on the preservation of its cover, 
which is the part usually most vulnerable to attack by frost. It is clear therefore 
that the concrete must be completely protected from freezing during construction. 


Preheating. 


Having regard to the possible effects of shrinkage and contraction by rapid 
cooling of preheated concrete, and also to the necessity of raising the water-cement 
ratio in order to preserve its workability, the writers are of the opinion that these 
temperatures should be restricted. Safety and economy can both be served by 
limiting them to such as can be attained by heating the mixing water only, provided 
that the aggregate is not frozen when it is put into the mixer. 


From meteorological records taken in various parts of the country it has been 
found that in normal years an average of about 75 per cent. of the delay due to 
the present custom of ceasing work at about 35 deg. F. can be saved by continuing 
work until the thermometer drops to 30 deg. The writers’ estimate from 
laboratory and site tests that, if the necessary measures are taken to protect the 
concrete as soon as possible after it has been placed, work can be conducted in 
accordance with the Code of Practice down to a temperature of 30 deg. F. (followed 
by a night frost of not more than about ro deg. below freezing) by the method of 
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preheating the mixing water only. This should commence when the air tempera- 
ture has dropped to, say, 38 deg., when the concrete should be heated to aout 
50 deg. at the banker. This will involve a water temperature at the mix r of 
about 100 deg. F. Theoretically for each degree drop in air temperature the »: ater 
temperature should be raised about 18 deg., so that when the air temperatur: has 
dropped to 30 deg. the water should enter the mixing drum at about 190 dex. F, 
and the concrete at the banker should then be at about 65 deg. (see Table i). 
Conservation of Heat. 


All surfaces not covered with shuttering, such as slabs and construction jv ints, 
should be protected as the work proceeds. In the case of slabs this prote tion 
should be tarpaulins or similar materials, leaving an air space of a few inches 


TABLE I. 


Temperatures in deg. Fahr. 
Air when | Mixing | Resulting 
concreting; water | concrete 


58 to 355 50 
34 53 
33 56 
a 59 
3/ 62 
30 65 


Approximate temperatures of mixing 
water for pre-heating concrete 


between the covering and the surface of the fresh concrete. These coverings 
should be left for at least two days before removal, as alternate freezing and 
thawing of immature concrete may do it considerable damage. An extension of 
the mixing time, consistent with expedition in placing and provided the concrete 
is allowed to retain its workability, will assist resistance to attack by frost. The 
water-cement ratio should also be kept as low as possible. It should be noted that 
the temperature of concrete that is not preheated is, when it leaves the mixer, 
a few degrees higher than atmospheric temperature. In practice the engineer will 
usually judge the temperature at which he considers it likely that the concrcting 
will finish and heat the water to correspond with that temperature throughout 
the work. 

In the table it has been assumed that steel shuttering will not be used ; further, 
it must be understood that owing to the differences of working conditions prevailing 
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on different sites the temperatures contained in the table are based on average 
conditions and must necessarily be of an approximate nature. The efficacy of 
these measures can, however, be readily checked by the use of thermometers. 
Concrete frozen before setting can be detected by its tendency to soften and show 
moi:ture when brought into contact with heat. No reference has been made to 
the cmployment of such precautions as heating the aggregate or electrical heating 
of the concrete, as there are certain objections to these measures, particularly in 
reinforced work, which, in the writers’ opinion, do not justify their employment 
in the climate of this country. 
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Direct-Firing Coal Mills. 


DIRECT-FIRING coal mills installed at the works of the Nazareth Cement Co, 
Pennsylvania, are, states Rock Products (August, 1940), giving increase: fuel 
economy, higher kiln capacity, and more uniform clinker. The new unit mills 
have been in operation too short a time to provide accurate performance ‘ata, 
but the combustion control inherent to the mills and the use of heated primary 
and secondary combustion air are giving better performance than was px -sible 
with the previous equipment. 

There are eight kilns, one g ft. by 120 ft. and seven 7} ft. by 7 ft. by 120 ft., 
each of which is being fired by a “ Unipulvo”’ coal mill which dries the coal 
while grinding and fires the kiln in one operation. This type of mill breaks 
down the coal by using a fast-moving blast of heated air to rub coal against coal 
in the mill. The fuel enters the mill pulverising chamber from an open-top 
hopper by means of an adjustable reciprocating feeder below. Incoming fue] 
enters the chamber over a fuel bed with a fixed level, and the sweeps are swing 
hammers fixed to a rotor turning over the fuel bed at 1,750 r.p.m. 

The pulverised coal enters a separator, or expansion chamber, which. is 
designed to eliminate the oversize for re-passage through the pulverising area, 
A fuel feeder delivers coal into the pulverising chamber as fast as burning takes 
place in the kilns, and air is controlled by dampers. Fineness is regulated by 
raising or lowering the fuel bed and adjusting the damper. Drives for the rotor, 
incoming air, and air delivery combined are a 100 h.p. motor for the C-60 mill 
firing the large kiln, 50 h.p. for C-30 mills for the other seven kilns, and 15 h.p, 
for two B-1o0 mills firing two 73 ft. by 75 ft. rotary stone dryers. 

The coal is a bituminous gas coal, usually run of mine, that has first been 
crushed to minus I in. through a roll crusher. The coal is pulverised to S5 per 
cent. through 100-mesh and 65 per cent. minus 200-mesh, all going throug the 
50-mesh sieve. 

The arrangement of ducts for bringing heated primary air into the mills differs 
from most plants, which usually tap into the kiln hood. These kilns discharge 
below into receiving hoppers, or cooling chambers, which in turn feed clinker 
to a common pan conveyor on which the clinker is carried to storage. 

Heated air is drawn from these hoppers through flange-ended ducts, thereby 
using heat that normally would be wasted. This air enters the coal mill at 
400 deg. F. The temperature inside the mills is 280 deg. F. and the mixture of 
pulverised coal and primary air enters the kiln at 180 deg. F. 

In the old system, four mills and a large rotary dryer were used with bins 
and piping to separate kilns ; waste heat was not used when injecting coal into 
the kilns, nor was there any comparable means of controlling burning. Coal! «lust 
loss has now been largely eliminated. The new system operates with about 
50 per cent. primary air as contrasted with 25 per cent. before, with a greater 
total volume of combustion air. Some of the combustion air enters through 
the kiln hoods which are not sealed. 
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“SLUGOIDS” 


Regd. No. 532240 


A PERFECT SUBSTITUTE 
FOR SMALL SIZE FORGED 
STEEL BALLS AT LESS 
THAN HALF THE COST. 


i UGOIDS are made of Rolled High Carbon Steel of special analysis and 
ro of EQUAL LENGTH WITH DIAMETER. While they can be supplied 
just as cut from the special Steel Bars the HEAT-TREATED SLUGOIDS 
re to be recommended. The patent Heat-treatment process imparts a degree 
{ Hardness not otherwise obtainable : Brinell Hardness No. 512 approx. 


Write for Samples and Prices 


HELIPEBS Ltd., GLOUCESTER, Eng. 


By having available a greater volume of combustion air and the necessary 
control, it is possible to burn clinker harder than could be done before the unit 
mills were installed. A harder, heavier, and more uniform clinker is now being 
produced. Several sizes of burner are being tried from 9g in. to 12 in. diameter. 
Standardisation on a g in. diameter sheet iron pipe will probably be adopted to 
lengthen the flame, with all possible air, and increase the high temperature 
range in the kilns. As space was limited on the kiln firing floor, the coal mills 
and the piping were selected partly on the basis of compactness. A ventilating 
fan is used near the kiln hoods to circulate fresh air and disperse the heat. 

New coal-handling equipment and storage bins have been installed ahead 
of the coal mills, together with scales to measure the coal handled into the mill 
feed tanks. After preliminary crushing, the coal is stocked over a long chain-drag 
conveyor which feeds into an enclosed-bucket elevator. Removable top plates 
covering the conveyor are taken off in order to feed coal into the conveyor. The 
elevator fills either of two 14 ft. diameter 112-ton capacity steel bins, which are 
reserve for night kiln operation when the crusher is not operating or for transfer 
direct to conveyors filling the mill feed bins. At night the bins are emptied into 
screw conveyors feeding into the same elevator, which empties into a batch 
scale before transference on to a belt conveyor. 

The scale is a Richardson type J39 with a capacity of 50 tons per hour. Coal 
is automatically weighed out in 500-lb. batches to the belt, and the number of 
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ALITE No. 1. 68% ALUMINA 


Refractory Standard 3260° Fahr. 


SUPER 
REFRACTORIES\, MUTE Ba suanaars Seon! SE MINA 
for ALITE D. 41% ALUMINA 


CEMENT Refractory Standard 3150° Fahr. 


KILNS “ E. J. & J. PEARSON, LTD., 


STOURBRIDGE, ENG. 


batches is recorded in order to check coal consumption in the kilns. Near the 
tail pulley of the conveyor belt, tramp iron is caught by a suspended magnet. 
Coal is transferred from the belt to an enclosed screw conveyor, which filis all 
the eight mill feed tanks, which are erected in a row. Slide gates are opened to 
drop coal into a particular feed bin or, if several gates are open, the first one is 
filled and the coal passes on until it finds the next open gate. 

The feed tanks each hold six tons of coal and empty by gravity into the 
coal mill feed hopper directly below. At times the coal, after a protracted spell 
of rain, contains as much as 8 to Io per cent. of moisture, which has no detri- 
mental effect because of the high temperatures and large air volumes which 
can be carried inside the coal mills. The kiln room power consumption is slightly 
reduced with the new coal handling equipment. Savings in fuel for drying 
stone are considerable. Temperatures are kept at 1,900 deg. F. 


Trade Notice 


Messrs. DAVIDSON AND Co., Ltp., whose head office is at Sirocco Engineering 
Works, Belfast, have opened a new depot at Briggate House, Albion Place, Leeds 1. 
(Telephone : Leeds 21886 ; Telegraphic Address, Sirocco, Leeds). Other depots 
of the firm are situated in London, Manchester, Newcastle, Birmingham, Glasgow, 
Cardiff and Dublin. 


Refractory Materials.—Mr. R. A. Kirkby has been appointed chairman of 
the Glenboig Union Fireclay Co., Ltd., and Henry Foster & Co., Ltd., in succession 
to Sir Ronald W. Matthews, who remains on the boards of these two companies. 
Mr. Alexander McKendrick, who was formerly joint managing director of the 
Glenboig Company with Mr. Kirkby, now becomes sole managing director. [hese 
two companies are subsidiaries of General Refractories, Ltd., producers of fire- 
bricks and blast-furnace linings. 
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To Employers in the Building, 
Civil Engineering 
& Allied Trades 


we want Ya!) 
TO TALK TO YOUR Men 
on behalf of 


your countr J 


OU hold your positions as heads of businesses by your 

ability and your natural gift as leaders. This special quality 
can be of greater value than ever at this time of great need. 
We want you to lead your men into the way of SAVING. We 
want you to create in your works or factory a live and 
enthusiastic SAVINGS GROUP. 

If a Group has already been formed, we want you to put 
your personal “‘drive” behind it. Men respond to encourage- 
ment. Please talk to your men on your country’s behalf. 
Inspire them to greater effort. Provoke a spirit of sporting 
competition. Create records and keep breaking them. En- 
thusiasm is necessary to win VICTORY. 


TALK TO 
YOUR MEN TO-DAY 


(ISSUED BY THE NATIONAL SAVINGS 


DECEMBER, 1940) 


x 


HOW 10 STARTA 
SAVINGS GROUP 


It is not difficult or 
complicated. Leaflets 
published by the 
National Savings 
Committee explain just 
whattodo. Itissimple. 
The important thing is 
to get into touch with 
your Regional Com- 
missioner or your Local 
Savings Committee As 
SOON AS POSSIBLE. You 
will get all the per- 
sonal help you need. 


INSPIRE 
ENTHUSIASM 


1 Emphasize Saving 

as the citizen's duty 
to his country in time 
of war. 


2 Explain that to buy 
weapons we must 
pay cash—the more we 
save, the more cash we 
have to buy them. 


Point out what men 

in other firms in 
your industry are doing 
—don’t let your men 
lag behind. 


Point out how valu- 

able these Savings 
will be when Peace is 
restored. 


5 Tell your men of 
the interest their 
savings will earn. Ex- 
plain that War Savings 
are the safest of all 
investments. 


6 Say, too, how easyit 
is to save — especi- 
ally if they arrange that 
a sum be deducted 
each week from wages. 


COMMITTEE 





